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COMPUTATIONAL RESOURCE 
ASSIGNMENT DEVICE, COMPUTATIONAL 
RESOURCE ASSIGNMENT METHOD AND 

COMPUTATIONAL RESOURCE 
ASSIGNMENT PROGRAM 

TECHNICAL FIELD 

The present invention relates to a technique for appropri 
ately assigning computational resources to processes in a 
multi-core processor System. 

BACKGROUND ART 

In recent years, an embedded system has become increas 
ingly Sophisticated and is required to operate a large number 
of applications (processes) concurrently. As a high-end pro 
cessor for Supporting Such high functionality, a “multi-core 
processor in which a plurality of processors are integrated is 
used. In the multi-core processor, a cache memory is gener 
ally provided with respect to each core (processor). 
When a plurality of processes are started in the multi-core 

processor system, resource contention between the processes 
occurs. Here, a process is a unit of processing executed, and a 
single process consists of a plurality of tasks that are parallel 
executable (task is also called thread; hereinafter it is collec 
tively called “task”). Resources include a processor, a cache 
memory, a bus bandwidth and the like. The resource conten 
tion between processes may cause reduction in System per 
formance. In order to maintain the system performance even 
when the plurality of processes are started, it is necessary to 
appropriately distribute resources to the respective processes. 

For example, it is necessary to appropriately distribute 
respective computational resources of the plurality of proces 
sors to the plurality of processes. Here, data used by tasks 
belonging to the same process are considered to be highly 
relevant with each other. Therefore, improvement in cache 
use efficiency is expected by assigning a plurality of tasks 
belonging to the same process to the same processor as much 
as possible. Conversely, ifa plurality of tasks belonging to the 
same process are dispersively assigned to various processors, 
the cache use efficiency is reduced and thus the system per 
formance is degraded. 
The followings are known as techniques related to assign 

ment of resources in a multi-core processor System. 
Patent Literature 1 (Japanese Patent No. 3266029) dis 

closes a dispatching method in a multi-core processor System. 
The multi-core processor System consists of a plurality of 
processor groups and a main memory shared by the plurality 
of processor groups. Each processor group includes a plural 
ity of processors and a cache memory. Any processor in each 
processor group monitors a hit ratio of the cache memory of 
the each processor group. If the cache hit ratio is lowered, the 
processor migrates any task having been executed by the 
processor group to another processor group where the cache 
hit ratio is high. As a result, performance degradation as a 
whole system can be prevented. 

Patent Literature 2 (Japanese Patent Publication.JP-2007 
316710) discloses a technique for improving throughput of a 
whole system in a multi-core processor system. With regard 
to each process group, a flag is set depending on degree of 
cooperative operation between processes (ON=high coopera 
tion degree, OFFlow cooperation degree). In a case of high 
cooperation degree, reusability of data between the processes 
is high. Therefore, a process group whose flag is ON is occu 
pied by one processor group. On the other hand, a process 
group whose flag is OFF is not occupied by a specific pro 
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2 
cessor group but executed dispersively by a plurality of pro 
cessor groups. As a result, performance of a whole system is 
improved. 

CITATION LIST 

Patent Literature 
Patent Literature 1 Japanese Patent No. 3266029 
Patent Literature 2 Japanese Patent Publication.JP-2007 

3.16710 

SUMMARY OF INVENTION 

According to the above-mentioned Patent Literature 1, if 
the cache hit ratio in a processor group is lowered, any task 
having been executed by the processor group is migrated to 
another processor group where the cache hit ratio is high. 
Here, influence of the migrated task on performance of the 
migration destination processor group is not taken into con 
sideration. If a task that consumes a large quantity of 
resources is migrated, the performance of the migration des 
tination processor group is degraded. 
An object of the present invention is to provide a technique 

that can Suppress, when a task handled by a processor is 
migrated to another processor in a multi-core processor sys 
tem, performance degradation of the migration destination 
processor. 

In an aspect of the present invention, a computational 
resource assignment device in a multi-core processor system 
is provided. The multi-core processor System has: a plurality 
of processors; and a plurality of cache memories respectively 
utilized by the plurality of processors. The computational 
resource assignment device has an assignment management 
unit and a cache status calculation unit. The assignment man 
agement unit manages assignment of tasks to the plurality of 
processors. The cache status calculation unit calculates a 
cache usage status with respect to each of the tasks. Here, the 
cache usage status includes at least one of a memory access 
count and a cache hit ratio. The plurality of processors 
includes: a first processor handling a plurality of first tasks 
that belong to a first process; and a second processor handling 
a second process that is different from the first process. If 
computation amount of the first process exceeds a predeter 
mined threshold value, the assignment management unit 
refers to the cache usage status calculated with respect to each 
of the tasks to preferentially select, as a migration target task, 
one of the plurality of first tasks whose the memory access 
count is Smaller or whose the cache hit ratio is higher. Then, 
the assignment management unit newly assigns the migration 
target task to the second processor. 

In another aspect of the present invention, a computational 
resource assignment method in a multi-core processor system 
is provided. The multi-core processor System has: a plurality 
of processors; and a plurality of cache memories respectively 
utilized by the plurality of processors. The computational 
resource assignment method includes: (A) assigning tasks to 
the plurality of processors. Here, the plurality of processors 
includes: a first processor handling a plurality of first tasks 
that belong to a first process; and a second processor handling 
a second process that is different from the first process. The 
computational resource assignment method further includes: 
(B) calculating a cache usage status with respect to each of the 
tasks. Here, the cache usage status includes at least one of a 
memory access count and a cache hit ratio. The computa 
tional resource assignment method further includes: (C) pref 
erentially selecting, if computation amount of the first process 
exceeds a predetermined threshold value, one of the plurality 
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of first tasks whose the memory access count is Smaller or 
whose the cache hit ratio is higher as a migration target task, 
by reference to the cache usage status calculated with respect 
to each of the tasks; and (D) newly assigning the migration 
target task to the second processor. 

In still another aspect of the present invention, a computa 
tional resource assignment program that causes a computer to 
execute computational resource assignment processing in a 
multi-core processor system is provided. The multi-core pro 
cessor System has: a plurality of processors; and a plurality of 
cache memories respectively utilized by the plurality of pro 
cessors. The computational resource assignment processing 
includes: (A) assigning tasks to the plurality of processors. 
Here, the plurality of processors includes: a first processor 
handling a plurality of first tasks that belong to a first process; 
and a second processor handling a second process that is 
different from the first process. The computational resource 
assignment processing further includes: (B) calculating a 
cache usage status with respect to each of the tasks. Here, the 
cache usage status includes at least one of a memory access 
count and a cache hit ratio. The computational resource 
assignment processing further includes: (C) preferentially 
selecting, if computation amount of the first process exceeds 
a predetermined threshold value, one of the plurality of first 
tasks whose the memory access count is Smaller or whose the 
cache hit ratio is higher as a migration target task, by refer 
ence to the cache usage status calculated with respect to each 
of the tasks; and (D) newly assigning the migration target task 
to the second processor. 

According to the present invention, it is possible to Sup 
press, when a task handled by a processor is migrated to 
another processor in a multi-core processor System, perfor 
mance degradation of the migration destination processor. 

BRIEF DESCRIPTION OF DRAWINGS 

The above and other objects, advantages and features of the 
present invention will be more apparent from the following 
description of certain exemplary embodiments taken in con 
junction with the accompanying drawings. 

FIG. 1 is a block diagram showing a configuration of a 
multi-core processor system according to an exemplary 
embodiment of the present invention. 

FIG. 2 is a block diagram Schematically showing a com 
putational resource assignment device according to the exem 
plary embodiment of the present invention. 

FIG. 3 is a block diagram showing a configuration of the 
computational resource assignment device according to the 
exemplary embodiment of the present invention. 

FIG. 4 is a block diagram showing a configuration of the 
multi-core processor System according to the exemplary 
embodiment of the present invention. 

FIG. 5 schematically shows cache status information in the 
exemplary embodiment of the present invention. 

FIG. 6 schematically shows process status information in 
the exemplary embodiment of the present invention. 

FIG. 7 is a block diagram for explaining computational 
resource assignment processing according to the exemplary 
embodiment of the present invention. 

FIG. 8 is a flow chart showing the computational resource 
assignment processing according to the exemplary embodi 
ment of the present invention. 

FIG. 9 is a block diagram for explaining a modification 
example of the computational resource assignment process 
ing according to the exemplary embodiment of the present 
invention. 
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4 
FIG. 10 is a flow chart showing a modification example of 

the computational resource assignment processing according 
to the exemplary embodiment of the present invention. 

FIG. 11 schematically shows an example of division of 
moving image decoding processing process. 

FIG. 12 schematically shows another example of division 
of moving image decoding processing process. 

DESCRIPTION OF EMBODIMENTS 

1. Outline 
FIG. 1 is a block diagram showing a configuration of a 

multi-core processor System 1 according to an exemplary 
embodiment of the present invention. The multi-core proces 
sor system 1 has a plurality of processors 10-1 to 10-in (n is an 
integer equal to or more than 2), a plurality of cache memories 
20-1 to 20-in, a main memory 30 and a computational resource 
assignment device 100. The cache memory 20 is provided 
with respect to each processor 10. That is, the plurality of 
cache memories 20-1 to 20-in are respectively provided for the 
plurality of processors 10-1 to 10-in and respectively utilized 
by the plurality of processors 10-1 to 10-in. The main memory 
30 is shared by the plurality of processors 10-1 to 10-in. 
The computational resource assignment device 100 has a 

function of appropriately assigning computational resources 
to respective processes. Here, a process is a unit of processing 
executed, and a single process consists of a plurality of tasks 
(processing tasks) that are parallel executable. The computa 
tional resource assignment device 100 assigns each task 
belonging to a process to any of the plurality of processors 
10-1 to 10-in. 

FIG. 2 shows functional blocks of the computational 
resource assignment device 100 according to the present 
exemplary embodiment. The computational resource assign 
ment device 100 has an assignment management unit 101 and 
a cache status calculation unit 102. When a process is started, 
a plurality of tasks belonging to the process are inputted to the 
assignment management unit 101 and the cache status calcu 
lation unit 102. 
The assignment management unit 101 manages assign 

ment of tasks to the respective processors 10-1 to 10-in. More 
specifically, the assignment management unit 101 receives 
the plurality of tasks and assigns the plurality of tasks to at 
least one of the processors 10-1 to 10-in. Here, in order to 
improve cache use efficiency, the assignment management 
unit 101 assigns tasks belonging to the same process to the 
same processor 10 as much as possible. Furthermore, the 
assignment management unit 101 migrates (reassigns) a task 
between the processors 10 depending on the situation, which 
will be described later. 
The cache status calculation unit 102 calculates a “cache 

usage status' with respect to each of tasks. Here, the cache 
usage status of a task includes at least one of a “memory 
access count” and a “cache hit ratio' with regard to the task. 
Then, the cache status calculation unit 102 generates cache 
status information SC indicating the cache usage status that is 
calculated with respect to each task and notifies the assign 
ment management unit 101 of the cache status information 
SC. 

Moreover, the assignment management unit 101 monitors 
an operation status of each process. More specifically, the 
assignment management unit 101 externally receives process 
status information SP indicating computation amount of each 
process. Then, the assignment management unit 101 com 
pares the computation amount indicated by the process status 
information SP with a predetermined threshold value. As an 
example, let us consider a case where a processor 10 (here 
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inafter referred to as a “first processor 10-A) is handling a 
plurality of tasks that belong to a process (hereinafter referred 
to as a “first process'). If the computation amount of the first 
process exceeds the predetermined threshold value, the fol 
lowing processing is carried out in order to assign more 
computational resources to the first process. 

That is, the assignment management unit 101 selects, as a 
“migration target task, at least one of the plurality of tasks 
belonging to the first process. Then, the assignment manage 
ment unit 101 migrates the migration target task to another 
processor 10 (hereinafter referred to as a “second processor 
10-B) that is handling a process different from the first 
process. In other words, the assignment management unit 101 
newly assigns the migration target task to the second proces 
Sor 10-B. As a result of Such the task reassignment, the com 
putational resource allocated to the first process is increased. 
On Selecting the migration target task, the assignment man 

agement unit 101 refers to the cache status information SC 
generated by the above-mentioned cache status calculation 
unit 102. Then, the assignment management unit 101 prefer 
entially selects, as the migration target task, one whose 
memory access count is Smaller or one whose cache hit ratio 
is higher among the plurality of tasks belonging to the first 
process. That is, the assignment management unit 101 
migrates a task whose memory access count is Smaller or a 
task whose cache hit ratio is higher from the first processor 
10-A to the second processor 10-B. 

Therefore, cache resource contention in the second proces 
Sor 10-B being the task migration destination can be Sup 
pressed. That is, it is possible to Suppress influence of the 
migrated task on another process being executed by the sec 
ond processor 10-B. In this manner, according to the present 
exemplary embodiment, it is possible to increase the compu 
tational resource assigned to the first process with Suppress 
ing performance degradation of the task migration destina 
tion. 

Hereinafter, a configuration example and a processing 
example according to the present exemplary embodiment will 
be described in more detail. 

2. Configuration 
FIG.3 is a block diagram showing a configuration example 

of the computational resource assignment device 100 accord 
ing to the present exemplary embodiment. The computational 
resource assignment device 100 is a computer system having 
a processing device 110 and a memory device 120. The pro 
cessing device 110 includes a CPU. The memory device 120 
is exemplified by a main memory, a cache memory and a disk. 
Not only the above-mentioned cache status information SC 
and process status information SP but also computational 
resource assignment program PROG and the like are stored in 
the memory device 120. 

The computational resource assignment program PROG is 
a computer program executed by the processing device 110. 
The computational resource assignment program PROG may 
be recorded on a computer-readable recording medium. The 
processing device 110 executes the computational resource 
assignment program PROG to provide each function of the 
computational resource assignment device 100 according to 
the present exemplary embodiment. That is, the computa 
tional resource assignment processing according to the 
present exemplary embodiment is achieved by the processing 
device 110 executing the computational resource assignment 
program PROG. 

Typically, each of the plurality of processors 10-1 to 10-n 
included in the multi-core processor System 1 serves as the 
processing device 110 of the computational resource assign 
ment device 100. In this case, the main memory 30 is equiva 
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6 
lent to the memory device 120, and the computational 
resource assignment program PROG, the cache status infor 
mation SC, the process status information SP and the like are 
stored in the main memory 30 as shown in FIG. 4. Each of the 
processors 10-1 to 10-in reads the computational resource 
assignment program PROG from the main memory 30 and 
executes it. That is, each of the processors 10-1 to 10-in is 
capable of providing each function of the computational 
resource assignment device 100 according to the present 
exemplary embodiment. 

FIG.5 conceptually shows the cache status information SC 
according to the present exemplary embodiment. The cache 
status information SC indicates the cache usage status with 
respect to each task. Here, the cache usage status of a task 
includes at least one of the “memory access count” and the 
“cache hit ratio' with regard to the task. Such the cache status 
information SC is created with respect to each process. 

FIG. 6 conceptually shows the process status information 
SP according to the present exemplary embodiment. The 
process status information SP indicates computation amount 
of each process. The process status information SP is exter 
nally Supplied to the computational resource assignment 
device 100. 

3. Processing 
3-1. First Processing Example 
FIG. 7 is a block diagram for explaining a first processing 

example by the computational resource assignment device 
100 according to the present exemplary embodiment. As 
shown in FIG. 7, the computational resource assignment 
device 100 has the assignment management unit 101, the 
cache status calculation unit 102 and a process division unit 
103. The assignment management unit 101, the cache status 
calculation unit 102 and the process division unit 103 can be 
achieved by any of the processors 10-1 to 10-in executing the 
computational resource assignment program PROG. FIG. 8 is 
a flow chart showing the first processing example. 

Step S10: 
First, a process is started. 
Step S20: 
The process division unit 103 divides the started process 

into a plurality of tasks that are parallel executable. There is 
no need to consider the cache usage status in the division 
processing here. An example of the division method is as 
follows. The process is beforehand described in parallel 
operations by using parallelization library such as POSIX 
(Portable Operating System Interface for UNIX), a thread 
library of Windows (registered trademark), OpenMP and 
Intel TBB (Threading Building Blocks). At the time of divid 
ing the process, the number of division and policy may be 
designated. It should be noted that the process division pro 
cessing may be performed in advance with respect to all 
executable processes. 

Step S30: 
The cache status calculation unit 102 calculates the cache 

usage status (memory access count, cache hit ratio) with 
respect to each of the tasks generated by the process division 
unit 103. The cache usage status can be estimated by analyZ 
ing processing contents of each task that is revealed at the 
process division (Step S20). For example, the memory access 
count and the cache hit ratio can be estimated by analyzing the 
number of memory access commands by each task and data 
reference destination addresses thereof. Alternatively, task 
property is beforehand analyzed with respect to each type, 
and then the cache usage status may be estimated by checking 
which type the task generated by the process division is. 
Alternatively, cache usage history is recorded during task 
execution, and then the cache usage status may be calculated 
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based on the history. The cache status calculation unit 102 
creates the cache status information SC that indicates the 
cache usage status calculated with respect to each task (refer 
to FIG. 5). 

Step S40: 
The assignment management unit 101 receives the plural 

ity of tasks generated by the process division unit 103. Then, 
the assignment management unit 101 assigns the plurality of 
tasks to at least one of the processors 10-1 to 10-in. Here, data 
used by tasks belonging to the same process are considered to 
be highly relevant with each other. Therefore, in order to 
improve the cache use efficiency, the assignment manage 
ment unit 101 assigns tasks belonging to the same process to 
the same processor 10 as much as possible. In other words, the 
assignment management unit 101 assigns tasks belonging to 
different processes to different processors 10 as much as 
possible. The reason is that the cache use efficiency is reduced 
if different processes are executed by the same processor 10. 

Steps S50 to S70: 
The processors 10-1 to 10-in execute the respectively 

assigned tasks (Step S50). If all the processes are ended (Step 
S60; Yes), the processing is completed. If a new process is 
started (Step S70; Yes), the processing returns back to Step 
S2O. 

Step S80: 
The assignment management unit 101 monitors an opera 

tion status of each process. More specifically, the assignment 
management unit 101 receives the process status information 
SP indicating the computation amount of each process (refer 
to FIG. 6). Then, the assignment management unit 101 com 
pares the computation amount indicated by the process status 
information SP with a predetermined threshold value. The 
threshold value of the computation amount may be given in 
advance or may be given as an external input at the time of 
execution. If there is no process whose computation amount 
exceeds the threshold value (Step S80; No), the processing 
returns back to Step S50. On the other hand, if the computa 
tion amount of any process exceeds the threshold value (Step 
S80; Yes), the processing proceeds to the following Step S90. 

Step S90: 
In Step S90, the assignment management unit 101 migrates 

(reassigns) a task between the processors 10. As an example, 
let us consider a case where a first processor 10-A is handling 
a plurality of tasks belonging to a first process, and a second 
processor 10-B different from the first processor 10-A is 
handling a second process different from the first process. 
Here, the computation amount of the first process exceeds the 
predetermined threshold value. 
The assignment management unit 101 selects, as a “migra 

tion target task, at least one of the plurality of tasks belong 
ing to the first process. Then, the assignment management 
unit 101 migrates the migration target task to the second 
processor 10-B. In other words, the assignment management 
unit 101 newly assigns the migration target task to the second 
processor 10-B. As a result of such the task reassignment, the 
computational resource allocated to the first process is 
increased. After that, the processing returns back to Step S50. 
On Selecting the migration target task, the assignment man 

agement unit 101 refers to the cache status information SC 
generated by the above-mentioned cache status calculation 
unit 102. Then, the assignment management unit 101 prefer 
entially selects, as the migration target task, one whose 
memory access count is Smaller or one whose cache hit ratio 
is higher among the plurality of tasks belonging to the first 
process. That is, the assignment management unit 101 
migrates a task whose memory access count is Smaller or a 
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8 
task whose cache hit ratio is higher from the first processor 
10-A to the second processor 10-B. 

Therefore, cache resource contention in the second proces 
Sor 10-B being the task migration destination can be Sup 
pressed. That is, it is possible to Suppress influence of the 
migrated task on the second process being executed by the 
second processor 10-B. In this manner, according to the 
present exemplary embodiment, it is possible to increase the 
computational resource assigned to the first process with 
Suppressing performance degradation of the task migration 
destination. 

3-2. Second Processing Example 
FIG. 9 is a block diagram for explaining a second process 

ing example. FIG. 10 is a flow chart showing the second 
processing example. An overlapping description with the 
above-described first processing example will be omitted as 
appropriate. Steps S10 to S80 are the same as in the case of the 
first processing example. If the computation amount of the 
first process exceeds the predetermined threshold value (Step 
S80; Yes), the processing proceeds to Step S100. 

Step S100: 
The assignment management unit 101 transmits a notifica 

tion SN indicating that the computation amount of the first 
process has exceeded the predetermined threshold value to 
the process division unit 103. In response to the notification 
SN, the process division unit 103 performs redivision of the 
first process. In the redivision processing, the process division 
unit 103 refers to the cache status information SC that has 
been generated by the above-mentioned cache status calcu 
lation unit 102. Thereby, the process division unit 103 inten 
tionally divides the first process such that the memory access 
count or the cache hit ratio varies between tasks. 

Step S110: 
As in the case of Step S30, the cache status calculation unit 

102 recalculates the cache usage status (memory access 
count, cache hit ratio) and updates the cache status informa 
tion SC. 

Step S90: 
After the Steps S100 and S110, the Step S90 is performed 

as in the case of the first processing example. Since the first 
process is intentionally redivided such that the cache usage 
status varies remarkably between tasks, the influence of the 
migrated task on the second processor 10-B can be further 
reduced. 

4. Moving Image Processing 
The present exemplary embodiment can be applied, for 

example, to moving image processing. In this case, at least 
one of processes in the multi-core processor System 1 is a 
moving image processing process. As an example of the 
moving image processing, let us describe below decoding 
processing of “H.264/MPEG-4 AVC (hereinafter referred to 
as H.264) method”. 
The processes in the multi-core processor System 1 include 

a moving image decoding processing process (first process). 
The minimum processing unit in the moving image decoding 
processing is a "macro block', and it is comprised of 16x16 
pixels block. For example, in a case of a bit stream of a VGA 
size (640x480 pixels), one screen (one frame) is comprised of 
a total of 1200 macro blocks (40 in the horizontal direction, 
30 in the vertical direction). The decoding processing 
includes VLD (Variable Length Decoding), MC (Motion 
Compensation), IP (Intra Prediction), DF (Deblocking Filter) 
and so on. The VLD and the DF among them are executed 
with respect to all the macro blocks. As to the MC and the IP, 
any one of them is executed with respect to the macro block. 
That is, the macro blocks can be classified into two types: a 
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“MC type” and an “IP type'. Which block type the macro 
block has is revealed as a result of the VLD. 

The process division unit 103 divides such a moving image 
decoding processing process into a plurality of tasks that are 
parallel executable (Step S20). The minimum unit for the 
division is processing with respect to a single macro block. 
The processing with respect to a single macro block may be 
set as a single task, but it is not limited to that. Processing with 
respect to some macro blocks may be collectively set as a 
single task. For example, IP processing with respect to a line 
of macro blocks along the horizontal direction may be set as 
a single task, or MC processing with respect to Successive 
Some lines of macro blocks may be set as a single task. 
The cache status calculation unit 102 calculates the cache 

usage status (memory access count, cache hit ratio) with 
respect to each of tasks generated by the process division unit 
103 (Step S30). It should be noted here that the MC, which 
refers to pixel values of a previously decoded frame different 
from currently decoded frame, is characterized by a large 
memory access count and a low cache hit ratio. On the other 
hand, the IP, which refers to pixel values of peripheral macro 
blocks in the same frame, is characterized by a high cache hit 
ratio. Moreover, the memory access count and the cache hit 
ratio can be different even between the MCs, if a “coding 
parameter (coding mode). Such as motion compensation 
pixel fineness (e.g. integer pixel, /2 pixel, 4 pixel) to be 
referred to is different. Similarly, the memory access count 
and the cache hit ratio can be different even between the IPs, 
if a 'coding parameter (coding mode). Such as an intra pre 
diction mode (e.g. Vertical direction prediction, horizontal 
direction prediction) is different. Therefore, the cache status 
calculation unit 102 estimates the cache usage status of the 
task based on the “block type' of the macro block and the 
"coding parameter (coding mode). For example, reference 
values of the memory access count and the cache hit ratio due 
to processing for a single macro block are beforehand set with 
respect to each combination of the block type and the coding 
mode. Then, an average or a total of the reference values 
regarding all the macro blocks handled by a task is calculated 
as the cache usage status of the task. After that, the cache 
status calculation unit 102 generates the cache status infor 
mation SC indicating the cache usage status calculated with 
respect to each task (refer to FIG. 5). 

If computation amount of the moving image decoding 
processing process exceeds a predetermined threshold value 
(Step S80: Yes), the process division unit 103 performs redi 
vision of the process (Step S100). In the redivision process 
ing, the process division unit 103 refers to the cache status 
information SC that has been generated by the cache status 
calculation unit 102. Thereby, the process division unit 103 
divides the moving image decoding processing process Such 
that the memory access count or the cache hit ratio varies 
between tasks. More specifically, the process division unit 
103 collectively sets processing with respect to a plurality of 
macro blocks having the same block type or the same coding 
mode as a single task. 

FIG. 11 and FIG. 12 show an example of division to tasks 
with regard to one frame. In FIG. 11 and FIG. 12, processing 
with respect to a macro block group Surrounded by a dashed 
line corresponds to a single task. In the case of the example 
shown in FIG. 11, the coding mode is not considered but the 
block type is considered. More specifically, the MC process 
ing included in the one frame is divided into two tasks each 
having 2 macro block lines, and the IP processing included in 
the one frame is divided into four tasks each having a single 
macro block line. In the case of the example shown in FIG. 12, 
not only the block type but also the coding mode is taken into 
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10 
consideration. More specifically, the MC processing included 
in the one frame is divided into two tasks based on the coding 
mode, and the IP processing included in the one frame is 
divided, based on the coding mode, into four tasks each 
having a bracket shape. As a result, the memory access count 
or the cache hit ratio varies remarkably between the tasks. 

After that, the assignment management unit 101 migrates a 
task whose memory access count is Smaller or a task whose 
cache hit ratio is higher from the first processor 10-A to the 
second processor 10-B (Step S90). 

It should be noted that the decoding processing of the 
H.264 method has been described as an example of the mov 
ing image processing, but it is not limited to that. The present 
exemplary embodiment is applicable also to moving image 
decoding/encoding processing for MPEG, JPEG, VC-1 and 
the like. 

While the exemplary embodiments of the present invention 
have been described above with reference to the attached 
drawings, the present invention is not limited to these exem 
plary embodiments and can be modified as appropriate by 
those skilled in the art without departing from the spirit and 
Scope of the present invention. 

This application is based upon and claims the benefit of 
priority from Japanese patent application No. 2009-031346 
filed on Feb. 13, 2009, the disclosure of which is incorporated 
herein in its entirely by reference. 

The invention claimed is: 
1. A computational resource assignment device in a multi 

core processor system including a plurality of processors, and 
a plurality of cache memories respectively utilized by said 
plurality of processors, said computational resource assign 
ment device comprising: 

an assignment management unit configured to manage 
assignment of tasks to said plurality of processors; and 

a cache status calculation unit configured to calculate a 
cache usage status with respect to each of said tasks, 
wherein said cache usage status includes at least one of 
a memory access count and a cache hit ratio, 

wherein said plurality of processors includes: 
a first processor handling a plurality of first tasks that 

belong to a first process; and 
a second processor handling a second process that is 

different from said first process, 
wherein if a computation amount of said first process 

exceeds a predetermined threshold value, then said 
assignment management unit refers to said cache usage 
status calculated with respect to each of said tasks to 
preferentially select, as a migration target task, a first 
task of said plurality of first tasks having a cache hit ratio 
that is greater than an other first task of the plurality of 
first tasks, and newly assigns said migration target task 
to said second processor. 

2. The computational resource assignment device accord 
ing to claim 1, further comprising a process division unit, 
wherein when a process is started, said process division unit 
divides the started process into a plurality of tasks, and 

wherein said assignment management unit assigns said 
plurality of tasks generated by said process division unit 
to at least one of said plurality of processors. 

3. The computational resource assignment device accord 
ing to claim 1, wherein if a computation amount of said first 
process exceeds a predetermined threshold value, then said 
assignment management unit refers to said cache usage status 
calculated with respect to each of said tasks to preferentially 
select, as a migration target task, a first task of said plurality of 
first tasks having a cache hit ratio that is greater than the other 
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first tasks of the plurality of first tasks, and newly assigns said 
migration target task to said second processor. 

4. The computational resource assignment device accord 
ing to claim 1, wherein the cache status calculation unit 
generates cache status information indicating the cache usage 
status that is calculated with respect to each task and notifies 
the assignment management unit of the cache status informa 
tion. 

5. The computational resource assignment device accord 
ing to claim 4, wherein the assignment management unit 
receives the cache status information and externally receives 
process status information indicating a computation amount 
of a plurality of processes including the first and second 
processes. 

6. The computational resource assignment device accord 
ing to claim 5, further comprising: 

a processing device; and 
a memory device which is accessible by the processing 

device. 
7. The computational resource assignment device accord 

ing to claim 6, wherein the memory device stores the cache 
status information, the process status information, and a com 
putational resource assignment program which is executable 
by the processing device to provide a function of the compu 
tational resource assignment device. 

8. The computational resource assignment device accord 
ing to claim 7, wherein the multi-core processor system fur 
ther includes a main memory, and 

wherein the main memory serves as the memory device, 
and a processor of the plurality of processors serves as 
the processing device. 

9. The computational resource assignment device accord 
ing to claim 8, wherein the plurality of processors reads the 
computational resource assignment program from the main 
memory and executes the computational resource assignment 
program. 

10. A computational resource assignment device in a multi 
core processor System including a plurality of processors, and 
a plurality of cache memories respectively utilized by said 
plurality of processors, said computational resource assign 
ment device comprising: 

an assignment management unit configured to manage 
assignment of tasks to said plurality of processors; and 

a cache status calculation unit configured to calculate a 
cache usage status with respect to each of said tasks, 
wherein said cache usage status includes at least one of 
a memory access count and a cache hit ratio, 

wherein said plurality of processors includes: 
a first processor handling a plurality of first tasks that 

belong to a first process; and 
a second processor handling a second process that is 

different from said first process, 
wherein if a computation amount of said first process 

exceeds a predetermined threshold value, then said 
assignment management unit refers to said cache usage 
status calculated with respect to each of said tasks to 
preferentially select, as a migration target task, a first 
task of said plurality of first tasks having a memory 
access count that is less than an other first task of the 
plurality of first tasks or having a cache hit ratio that is 
greater than an other first task of the plurality of first 
tasks, and newly assigns said migration target task to 
said second processor, 

wherein the computational resource assignment device 
further comprises a process division unit, and when a 
process is started, said process division unit divides the 
started process into a plurality of tasks, 
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12 
wherein said assignment management unit assigns said 

plurality of tasks generated by said process division unit 
to at least one of said plurality of processors, and 

wherein if the computation amount of said first process 
exceeds said predetermined threshold value, then said 
process division unit performs redivision of said first 
process, said cache status calculation unit recalculates 
said cache usage status and then said assignment man 
agement unit selects said migration target task. 

11. The computational resource assignment device accord 
ing claim 10, wherein in said redivision, said process division 
unit refers to said calculated cache usage status to divide said 
first process Such that said memory access count or said cache 
hit ratio varies between tasks. 

12. A computational resource assignment method in a 
multi-core processor System including a plurality of proces 
sors, and a plurality of cache memories respectively utilized 
by said plurality of processors, said computational resource 
assignment method comprising: 

assigning tasks to said plurality of processors, said plural 
ity of processors including: 
a first processor handling a plurality of first tasks that 

belong to a first process; and 
a second processor handling a second process that is 

different from said first process; 
calculating a cache usage status with respect to each of said 

tasks, wherein said cache usage status includes at least 
one of a memory access count and a cache hit ratio: 

preferentially selecting, if computation amount of said first 
process exceeds a predetermined threshold value, a first 
task of said plurality of first tasks having a cache hit ratio 
that is greater than an other first task of the plurality of 
first tasks as a migration target task, by reference to said 
cache usage status calculated with respect to each of said 
tasks; and 

newly assigning said migration target task to said second 
processor. 

13. The computational resource assignment method 
according to claim 12, further comprising: 

dividing, when a process is started, the started process into 
a plurality of tasks, 

wherein said assigning tasks comprises assigning said plu 
rality of tasks generated by said dividing to at least one 
of said plurality of processors. 

14. A computational resource assignment method in a 
multi-core processor System including a plurality of proces 
sors, and a plurality of cache memories respectively utilized 
by said plurality of processors, said computational resource 
assignment method comprising: 

assigning tasks to said plurality of processors, said plural 
ity of processors including: 
a first processor handling a plurality of first tasks that 

belong to a first process; and 
a second processor handling a second process that is 

different from said first process; 
calculating a cache usage status with respect to each of said 

tasks, wherein said cache usage status includes at least 
one of a memory access count and a cache hit ratio: 

preferentially selecting, if computation amount of said first 
process exceeds a predetermined threshold value, a first 
task of said plurality of first tasks having a memory 
access count that is less than an other first task of the 
plurality of first tasks or having a cache hit ratio that is 
greater than an other first task of the plurality of first 
tasks as a migration target task, by reference to said 
cache usage status calculated with respect to each of said 
tasks: 
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newly assigning said migration target task to said second 
processor, 

dividing, when a process is started, the started process into 
a plurality of tasks, said assigning tasks comprising 
assigning said plurality of tasks generated by said divid- 5 
ing to at least one of said plurality of processors; and 

performing once again said dividing with regard to said 
first process and performing once again said calculating 
said cache usage status, if the computation amount of 
said first process exceeds said predetermined threshold 10 
value, 

wherein said selecting said migration target task is 
executed after said performing once again said calculat 
ing said cache usage status. 

15. The computational resource assignment method 15 
according to claim 14, wherein in said performing once again 
said dividing with regard to said first process, said calculated 
cache usage status is referred to and said first process is 
divided such that said memory access count or said cache hit 
ratio varies between tasks. 2O 

16. A non-transitory recording medium on which a com 
putational resource assignment program is recorded, the 
computational resource assignment program causing a com 
puter to execute computational resource assignment process 
ing in a multi-core processor system, wherein said multi-core 25 
processor system includes a plurality of processors, and a 
plurality of cache memories respectively utilized by said plu 
rality of processors, said computational resource assignment 
processing comprising: 

assigning tasks to said plurality of processors, said plural- 30 
ity of processors comprising: 
a first processor handling a plurality of first tasks that 

belong to a first process; and 
a second processor handling a second process that is 

different from said first process; 35 
calculating a cache usage status with respect to each of said 

tasks, wherein said cache usage status includes at least 
one of a memory access count and a cache hit ratio: 

preferentially selecting, if computation amount of said first 
process exceeds a predetermined threshold value, a first 40 
task of said plurality of first tasks having a cache hit ratio 
that is greater than an other first task of the plurality of 
first tasks as a migration target task, by reference to said 
cache usage status calculated with respect to each of said 
tasks; and 45 

newly assigning said migration target task to said second 
processor. 

17. The recording medium according to claim 16, wherein 
said computational resource assignment processing further 
comprises dividing, when a process is started, the started 50 
process into a plurality of tasks, and 

14 
wherein said assigning tasks comprises assigning said plu 

rality of tasks generated by said dividing to at least one 
of said plurality of processors. 

18. A non-transitory recording medium on which a com 
putational resource assignment program is recorded, the 
computational resource assignment program causing a com 
puter to execute computational resource assignment process 
ing in a multi-core processor system, wherein said multi-core 
processor system includes a plurality of processors, and a 
plurality of cache memories respectively utilized by said plu 
rality of processors, said computational resource assignment 
processing comprising: 

assigning tasks to said plurality of processors, said plural 
ity of processors comprising: 
a first processor handling a plurality of first tasks that 

belong to a first process; and 
a second processor handling a second process that is 

different from said first process; 
calculating a cache usage status with respect to each of said 

tasks, wherein said cache usage status includes at least 
one of a memory access count and a cache hit ratio: 

preferentially selecting, if computation amount of said first 
process exceeds a predetermined threshold value, a first 
task of said plurality of first tasks having a memory 
access count that is less than an other first task of the 
plurality of first tasks or having a cache hit ratio that is 
greater than an other first task of the plurality of first 
tasks as a migration target task, by reference to said 
cache usage status calculated with respect to each of said 
tasks: 

newly assigning said migration target task to said second 
processor, 

dividing, when a process is started, the started process into 
a plurality of tasks, said assigning tasks comprising 
assigning said plurality of tasks generated by said divid 
ing to at least one of said plurality of processors; and 

performing once again said dividing with regard to said 
first process and performing once again said calculating 
said cache usage status, if the computation amount of 
said first process exceeds said predetermined threshold 
value, 

wherein said selecting said migration target task is 
executed after said performing once again said calculat 
ing said cache usage status. 

19. The recording medium according to claim 18, wherein 
in said performing once again said dividing with regard to 
said first process, said calculated cache usage status is 
referred to and said first process is divided such that said 
memory access count or said cache hit ratio varies between 
tasks. 


